Introduction
============

Subglottic stenosis is a narrowing of the endolarynx and one of the most common causes of stridor and respiratory distress in children. Children are most commonly affected because the endolarynx is the narrowest part of the airway at this age.

There has been a recent reduction in mortality rates in neonatal intensive care units (NICUs) due to the impact of modern technological advances in the perinatal field.[@JR1653oa-1] As a consequence, prolonged orotracheal intubation (OTI) is more frequently used, and, in contrast to adults where tracheostomy has been well established for such cases, it is a complex procedure for this pediatric age group.[@JR1653oa-2] As a result, an increase in acquired SGS in children has emerged.

Subglottic stenosis can be either congenital or acquired. In acquired cases, it is responsible for 90% of subglottic narrowing in children and is usually secondary to prolonged tracheal intubation.[@JR1653oa-3]

Factors leading to OTI SGS include duration of intubation, inadequately sized tracheal tube, multiple intubations, cuff pressure, movement of the orotracheal tube, respiratory infections, and others. As there is usually a combination of these factors, even intubations for short periods can cause some degree of stenosis.[@JR1653oa-3]

Different treatment options include tracheostomy, open surgery, and minimally invasive surgery. However, the management of these patients is still a challenge for the otorhinolaryngologist.[@JR1653oa-4]

The balloon dilatation procedure has been used to treat laryngeal or tracheal stenosis in children as early as the 1980s and has shown encouraging results.[@JR1653oa-5] Studies describe satisfactory results especially in cases of precociously treated acquired stenosis.

The aim of this study is to present the experience of a tertiary care pediatric hospital in the management of acute SGS, secondary to OTI, through balloon laryngoplasty and to assess the number of dilatations needed and the success of this technique as a primary treatment.

Materials and Methods
=====================

The study included nine children from the pediatric intensive care unit and/or NICU at the Children\'s Hospital in Goiânia ([Table 1](#TB1653oa-1){ref-type="table"}). All presented with respiratory distress and/or had had a tracheotomy between May 2010 and July 2012, and a diagnosis of Myer and Cotton grade I to III SGS had been confirmed by endoscopy ([Table 2](#TB1653oa-2){ref-type="table"}).[@JR1653oa-6] All these children underwent flexible bronchoscopy 3.2 and 0-degree 2.7-mm or 4-mm rigid endoscopy ([Fig. 1](#FI1653oa-1){ref-type="fig"}). The balloon used was the Acclarent (Acclarent, INC, Menlo Park, USA) according to age, with the gauge for pressure control ([Figs. 2](#FI1653oa-2){ref-type="fig"} and [3](#FI1653oa-3){ref-type="fig"}).

![Laryngoscopy showing stenosis grade III.](10-1055-s-0033-1358577-i1653oa-1){#FI1653oa-1}

![Laryngoscopy during balloon dilatation.](10-1055-s-0033-1358577-i1653oa-2){#FI1653oa-2}

![Previous image and 15 days after balloon dilatation.](10-1055-s-0033-1358577-i1653oa-3){#FI1653oa-3}

###### Myer and Cotton subglottic stenosis grading

  ----------------------------------------
  Grade I = up to 50% obstruction
  Grade II = from 51 to 70% obstruction
  Grade III = from 71 to 99% obstruction
  Grade IV = no detectable lumen
  ----------------------------------------

###### Patient profiles, their ages, evolution time, degree, number of dilatations, interval between dilatations, and evolution

  Age       Cause           Sex      Degree        Dilatations (*n*)   Interval (d)         Post-OTI                                                                              Tracheostomy
  --------- --------------- -------- ------------- ------------------- -------------------- ------------------------------------------------------------------------------------- --------------
  1--3 mo   Prolonged OTI   Female   II--III       2                   15                   No                                                                                    No
  8 mo      Prolonged OTI   Male     III           3                   15, 15, and 21       Tracheostomy removed                                                                  Yes
  60 d      Prolonged OTI   Male     II (double)   2                   21                   No                                                                                    No
  35 d      Prolonged OTI   Female   III           5                   15, 21, 15, 15, 21   Tracheostomy removed after third dilation; residual stenosis grade I (asymptomatic)   Yes
  45 d      Prolonged OTI   Female   II            1                                        No                                                                                    No
  1--4 mo   Prolonged OTI   Female   II            2                   15                   Tracheostomy removed                                                                  Yes
  3 mo      Prolonged OTI   Male     III           3                   15                   No                                                                                    No
  1 mo      Prolonged OTI   Male     II            2                   15                   No                                                                                    
  6 mo      Prolonged OTI   Female   II--III       3                   15, 21, 15           No                                                                                    No

Abbreviation: OTI, orotracheal intubation.

Inclusion Criteria
------------------

1.  Children from the pediatric intensive care unit and neonatal respiratory distress or tracheostomy under 1 month of evolution

2.  Myer and Cotton diagnosis of grade I to III SGS confirmed by endoscopy

3.  Children undergoing laryngoplasty by balloon by the same otolaryngologist with minimum follow-up of 6 months

To meet the inclusion criterion, children had to have acute stenosis, which excluded those with delayed evolution.

Exclusion Criteria
------------------

1.  Children with SGS with more than a month of evolution

2.  Children who were submitted to other expansions that were not with balloon

3.  Children who had participated in other procedures on the larynx

As exclusion criteria, the maximum length of time considered for the evolution of stenosis, that is, extubation failures and/or tracheostomy, had to be less than 30 days (considered acute stenosis), to exclude those patients with delayed stenosis. And the minimum follow-up period after becoming asymptomatic was 6 months.

This research was analyzed and approved by the Research Ethics Committee of the Institution and was approved by the ethics committee of the Children\'s Hospital number 001/2011.

No consent was necessary because the study was chart review and assessment of children with subglottic stenosis who underwent balloon laryngoplasty by the same otolaryngologist in the period May 2010 to June 2012.

Statistical analyses were not performed due to the small number of subjects, so we chose to describe the results.

Results
=======

[Table 1](#TB1653oa-1){ref-type="table"} shows the profiles of these patients, including their ages, evolution time, degree of stenosis, number of dilatations, interval between dilatations, and evolution. In all nine patients, stenosis was caused by prolonged tracheal intubation.

There was little homogeneity in this group of patients, as shown in [Table 1](#TB1653oa-1){ref-type="table"}. Two patients had been tracheostomized at another facility and referred for this procedure, and at the moment of endoscopy, one required tracheostomy for dilatation. No serious complications were noticed during intra- or postoperative treatment of these patients.

All responded satisfactorily to balloon laryngoplasty, none required tracheostomy after the treatment, and all remained asymptomatic even after a 6-month follow-up. One patient required just 1 dilation, 4 needed 2, 3 underwent the procedure 3 times, and another had 5 dilatations. One of the patients who underwent the procedure 3 times had residual stenosis grade I stenosis, but was totally asymptomatic.

Discussion
==========

Our study corroborates an increase in acquired SGS in children as a result of prolonged tracheal intubation associated with increased survival in NICUs.[@JR1653oa-1] Despite the small number of patients, this incidence corroborates other studies that have shown the efficacy and safety of balloon dilatation in the treatment of SGS. It must be stressed these were patients with recent SGS, that is, in a still active inflammatory process. This justifies such satisfactory results and also has been shown in other studies in the literature.[@JR1653oa-7]

Advantages of the endoscopic technique using a balloon include the application of radial force to the stenosis, the absence of shearing force, the reduction of both glottic trauma and the chances of restenosis, and, finally, low complication rates. The use of different-sized balloons and controlled pressure also collaborated to bring about these results.[@JR1653oa-6] [@JR1653oa-7] [@JR1653oa-8] [@JR1653oa-9]

The group of patients was heterogeneous, and subjects varied in age, degree of stenosis, and clinical condition, which justified the variation in the frequency and interval of dilatations. In the literature, the number of dilatations varies and some authors describe up to seven dilatations before achieving success, but most accept that up to three dilatations are necessary to avoid failure.[@JR1653oa-7]

Four of the nine patients (44.44%) required two dilatations before responding. In our research, we achieved success in 100% of cases, although the literature shows a success rate of 70 to 80%. Our patients presented stenoses ranging from recent to a maximum of 30 days\' evolution, all secondary to prolonged intubation, but there was no difference in outcome between these patients. This reinforces the use of balloon dilatation especially for acute cases but also for cases of well-established stenoses. Such patients should ideally be treated as early as possible, in the first extubation failures in ICUs, but this does not always happen. It would be an excellent alternative to tracheostomy in such patients. Our study corroborates the fact that the use of the balloon has satisfactory results even in cases of ∼30 days\' evolution.

From this study, it could be concluded that laryngoplasty with a vascular balloon was effective and complication free for acquired SGS, with up to 30 days\' evolution.
